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KAG? MctT 1AvolRD Report 6183i KN;.';UWrM MM= ON, PU.RE COXES IN SUI'ERSO%'IC MI, GET

by

Joba D. Nicolaides*

4 and

Jobn J. Brady

ABMIACT: By aeroballistic range tecb iques, the Magnusmoment Is
measured on 2O~~~0;s@"e pure cones&a' ssm.~ fbu3

4 Te results indicate that the lsgnus -c1ent may be critically dependent:
in both size and sign, cn the isture of the boundary layer (i.e., laminar,
turbulent, or mixed).

The normal force and damping m'ret are also found to be significantly
dependent on the nature of the boundary layer.

* The characteristics of the boundery layers are revealed in the spark

sbaowgraphs of the aeroballisttc range technique dA its transient and
{ sometims chaotic character noted.. Criteria for specifying the general

nature of the boundary layer are evolved and used to correlate the
coefficient data.

4 1 The experimental force and momemn coefficients are compared with theoretical * *
values obtained from various s ested physical models of the flow.

Future programs for furthering the investigations are suggested.

I* 'Scientific Advl,or for A.tronautics, Bureau of Ordnance, Washington, D.C.
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MiAON1 ROENI ON PWN COnES In~ StWPEMNIC MOIGT

1. The Magnus force bas historically been or iportance In the flight of
all types of ballistic missiles, from round shot to shell& and from arrows
to fin-atabilized rockets end bombs. It is essential to seek out Its size
and role early in the design stages of missiles. Failure to do so In the
put has frequently resulted in serious flight difficulties, often uncered
In the final stages of developmental test.mg.

2. An experimental determination of the agnu moment acting on a pure cone
In supersonic flight ws desired for two min reasons; first, as a guide
for the development of a rational fluid theory for predicting this funds-
msntal aeroballistic moment* and, second, for use In the equations of
motion for determining dynamic stability and performne of conical shape$.
This Infomation might also have additionsl engineering e pplications (1) In
determining the trajectories of modern long-range ballistic missiles which
re-enter the earth's atamosphere, and (2) in evaluting the contribution of
the nose component of conventional rolling bl"Isti- and guided missiles.

3. fte aerOballistic range vs selected an a facility In tich to conduct
this Investigation because of its demonstrated capabillty for measraing
MagnuS effects and Its availability. Although supersonic ind-tunnel
techniques for the mesurement of Magaum force and omenut have developed
w.xh spectacular success in recent years, at the time of th investga ton
(1956) none were capable of obtaining -us measurements on pure cones.

' 14. The selection of the aeroba istic range technique with its spark
ahadovgraph pictures proved most fortunate, an ill be noted later, became
of the additional capability of examining the nature of the boundary-layer
flow on the model in flight.

* Aeroballistic Range Techniques

5. The aeroballiatic range technique (reference (a)) for the experimental
determination of the static and dynamic fluid forcer and moments vhich act on

*missiles in flight, employs free-flight models launched from guns and consists in

* he pure circular cone vas selected because of its simplicity as perhaps
the most fundamental o. supersonic lifting configurations and because a
maximum chance seemed to be promised for the possible formulation of a
fluid theory for Magnus effect.

:1
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accurately determining the six position coordinates durin their flight
from a series of spark shadovgraphs tak,. at prescribed 4tivid along
the model's trajectory.

6. The linear solution for the angle of attack aw anglt of sideslip
is given by

-0(A

vhere

_6_ _- .- _

'-. 4EV.,J I

This equation is "fitted" to the aeroballistic range position data by the
method of differential corrections (reference (b) and (c)). *
7. The static and dynamic aerodynamic coefficients and their probable
errors are determined from the constants of equation (1) and the probable
error of fit (reference (b)).

Experimenta0 Program

8. Eleven 20-degree spinning cones were fired in the aval Ordnance
laboratory's Pressurized Ballistics Range (Figure 1).

9. The Pressurized Ballistics Range is an enclosed ste tube three feet
in diameter and 300 feet long (Figure 2). equatin c-an be pressurized to
six atmospheres or evacuated down to about 1/100 ntmosphere. It is
Sequipped with 25 spark ihadovgraph stations, the first 20 stations spaced

altenately five and eight feet apart and the last five stations 24.5
feet apart. A bank of 13 counter chronogiaphs is used to measure the tie
interval between the spark flashes. Descriptions of this .range and other
ranges at the Naval Ordnance Laboratory are given in reference (a).

2
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10. The one-inch diameter cones were fired from a 30-= rifled gun (twist
one turn in 20.3 calibers) by using a plastic sabot (figure 3). The

•) resultant Mach nmbers are given in Table I. Seven of the models were
fired at at=-.heric pressure and four of the models at 2/3 of an

- atmosphere (Table 1). Figure 4 shows a typical angle of attack and angle
* of sideslip notion history for one of the models. The points represent

the measured data from the spark sbadovgraph stations and the curve is the
best "fit" of the linear theory. The results obtained by "fitting" the
linear theory to the experimental free-flight data are given in Table 1I.

11. The values of the aerodynamic coefficients as functions of Mach
number are given in Figure 5 where a large spread in the data may be noted.
In riev of the aerodynamic simplicity of the cone and the dynamic
I timplielty of the epicyclic fit, It seemed reasonable to attempt to discover
the cause of the unexpected large variations in the data from model to
model.

12. An examination of the possible sources of error in the epicyclic fit
indicated a somwhat poor determination of A1 2 resulting from the
distribution of the individual round data (Tabie III). The data were noted

4to group in two distinct regions, as shown in Figure 4. The determination
of the circular center of such a pattern is somewhat inaccurate. owever,
evaluation of this inaccuracy indicates that it is not sufficient to
account for the lack of agreement of the coefficients model to model.

13. Next it seemed reasonable to examine the spark shadovgraphs tbemselves *
in the remote hope that perhaps some unusual and systematic flow situation
might be revealed. This final effort proved to be fruitful. The nature of
the boundary layer was found to be highly varying model to model as well as
during the flight of a single model.

114. As a result of this observation, the boundary layer was studied in
detail and the results were used In reappraising the experimental aero-
ballistic coefficient data. Tis work is reported in the following sections.

Examination of the Boundary layer

15. The spark shadowgraphs are sensitive to changes in the density gradient
and for many years this simple technique has yielded an excellent
visualization of the flow field around small missiles in supersonic flight.

S Besides revealing prime., 'wo; features such as the shock waves, the nature
of the boundary layer is readily observable (reference (d), (e) and (f).

.3
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16. amjnation of the spark 6badovgra!ps obtained during this progYam

revealed very large variations In the boundary-layer transition from model
to model and also in most cases during the flight of a single mode.
Figure 6 shows a complete vertical set of plates for round 2395 obtained as
the model flew down the Pressurized BaJlistics Range. Large variations Inthe boundary layer may be observed.

4
17. In view of the unaccounted for spread in the aerodynamic coefficient
data and the large differences In the boundary-layer transition from model
to model, it seeed reasonable to attempt a correlation between the two.
A simple approach was taken. The percent of the total length of the model
vhich had a laminar boundary layer was measured in each of the vertical
shadougraphs obtained during the flight of a single model.* These measure-

4ments were averaged and a probable error mas computed. This average and Its
probable error was used as a criterion for specifying the nature of the
varying boundary layer on that particular model.

18. This average may be interpreted as a measure of the average or mean
transition point location during the model's flight. Values for this
"mean transition" were obtained for each of the models and they are given

4 in Table IV vith their probable errors.

19. It may be noted in Table IV that th-xe are large variations in the
mean transition between models. A correlation of mean transition with
range pressure may, howeve.', be noted. The models with the least lamina
flow (i.e., rounds 2390, 2391, 2393, 2394, and 2395) were all tested at
atmospheric pressure. All the models vith the most laminar flows (i.e.,
rounds 2389, 2392, 2399, 240i, 2407, and 2408) were tested at reduced
range pressure (2/3 atm.) except rounds 2389 and 2392. The change in
Reynolds number due to the pressure difference, is believed to be
significant in the division of the rounds into the two groups.e*

In the case of what we shall call "regular transition" the distances
from the nose to the transition points on the upper profile and on the
lover profile were averaged to yield a single value of transition distance
from each spark shadowgrapb (see Figure 7). In the case of what we shall
call "chaotic transition" the total laminar distances on the upper profile
and on the lower profile were averaged (see Figure 7).

" For purposes of later discussion, the rounds with the most rearward
transition are designated the laminar group and those with the most forward
transition, the turbulent group.

4
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Roever, this change %ould not account for rounds 2389 and 2392 being in
the lamIna group. It should be recorded that no attempt was made to control
or measure thi surface finish of any of the moels and this nay have been a

- significant parameter for these two rounds.

j . 20. The values for the probable errors of the mean transition are
Indicative of the fluctuation in the transition point which occurs during
the model's flight down the range. The truly transient nature of the
location of the transition point is specified by computing this quantity.
It is suggested that Iuture decerminations of the transition point might be

1made useful und physic&ly representative it Its probable error was also
computed.
21. These values of mean transition provided the necessary specification

of the nature of the boundary layer existing on each of the models during
Its flight, and, thus, suggest the possibility of correlating the variable
bounlary-layer conditions with the dispersion in the aeroballistic

coefficient data. This correlation te considered in the following section.

Ita Correlation

22. -me aerodynamic coefficient data for the normal force, restoring
anent, damping and lag noment, and Magnus moment (i.e., CIy C ,

C/ + k, Cm) are plotted versus mean transition iu Figures 8 tbrou& U.

S23. Weighted linear fits were mad. to.all the coefficient data and are
illustrated by the solid lines in the plots.* The weights were based on
the probable errors of the individual coefficients and equaled 1/PE2. In
addition, the data were also considered as divided into tvo seperate groups,

, a laminar group and a turbulent group, as indicated previously. The dottedI lines on the plots represent these averages.

t 24. Table V gives the veighted averages and their probable errors, and
the weighted linear equations and their probable errors.

*25. It appears from this correlation that both the static and dynamic
aerodynamic coefficients for a pure cone in supersonic flight are
siga-ieantly dependent on the nature of boundary layer.

I Uneighted linear fits were also made an,' included lor completeness.

1
°
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4 1 Discussion of Results

26. The normal force, damping and lag moment, and gagnus moment all show "

improved determinations, based on their probable errors, when considered
as varying with mean transition. The restoring moment shows no significant
change; but, because of the small static margin for the models tested, this

41 coefficient Is so poorly determined that no consideration should be given to
it. Table VI lists the average coefficient data as originally computed, the
weighted averages for the data grouped In laminar and turbulent graups, and
the laminar and turbulent values computed from the weighted linear fits.*

27. Since the AFgnus moment, %hich was of primary interest, still showed a
large dispersion, additional attempts were made to improve its determination.
It was noted that the yawing motions of the rounds (Figure 4) were such that
the damping factors for the nutation and precession arms were difficult to
determine. Table III lists the damping factors and their probable errors.
An attempt was thus made to compute the Vagnus moment coefficient by a
modified data reduction procedure which uses the damping factors for the
nutation and precession arms separately. Two sets of these modified
coefficients were computed; one based on weighted average valus of Ck and
4+ % , the other based on the weighted least square lines fitted to the
da.a The results of these are given in Figures 12 and 13.

28. As may be noted in the figures, no obvious improvement in the data was
obtained by this alternative approach. It was reported here only for
completeness nid perhaps to aid future investigators.

4 ; 29. Finally, it is believed that the remaining spread in the Magnus moment I 0
coefficient data may be due to three primary factors: (1) the poorly
determined values for the mean transition**, (2) the distribution and
nature of the range data on this program, and (3) perhaps the most
important, on the chaotic nature of the boundary layer on many of the rounds.

* Since there was a Mach number variation which was not considered when
treating the data as a whole, a similar table based on 8 rounds whose Mach
number variation was less than 0.1 was also computed (Table VII). Slightly
improved results were obtained.

.I *• It should be recalled that only the profile boundary layer was
i j observed in the vertical spark shadowgraph. The state of the boundary layer

over the rest of the model's surface was completely unknown and thus not
!, . represented by the values for the mean transition.

h6
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30. In the folloving section the experimental values for the aerodynamic
coefficients on a cone vill be compared with various theoretical
Predictions. a bc iu

Comparison with Theory

Nlormal Force and Restoring MomentI
31. &act theory for the normal force and Its moent on a pure cone In
Supersonic flow Is given by Stone (reference (g)) and eoputed by Kopal
(reference (h)). Approximate values my be obtained from Munk's (reference
(1) and (j)) airship theory. Values my also be computed by Newtonian
theory (reference (k)). These theoretical values are given in Table VIII
together with values computed from the veighted linear fits for the cases
Of fully .azinr and fully turbulent boundary layer. It Is noted that the
three theoretical values for the normal force fall within the range of the
values for fully laminar and fully turbulent boundary layer obtained by
extrapolation from the experimental values. The experimental values for
the restoring moment are not in good agreement with the theoretical
predictions; however, the coefficients are small and within the accuracy
of masurements and thus, as indicated earlier, subject to large errors.

9' DaRpMlng and ig Moment
, !.

32. Estimates for the damping moment may also be obtained from Munk's
airship theory, strip theory using Kopal, and from Newtonian theory.
Values for tbese three estimates are also given in Table VIII together with

• values extrapolated from the experimental data. * 0

SMus Moment

33. During the conduct of the program, two methods for predicting the Magnus
force and moment on cones in supersonic flow became available. One method
reported by both Sedney (reference (1)) and Flebig (reference (m)) is based
on distortion of the boundary layer due to spin, and the other, reported by
Parrish (reference (k)), is based on a Nevtonian type concept.*

* The Newtonian values for Magnus force ar moment may also be obtained If
a axellian-Diffuae model of molecular reflection is used (reference ()

6 and (O)).

• • ) • •• • •7
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S 34. The predictions by these two methods are given in Tble VIII and
Plotted in Figure 11 together with the experitental data. The theoretical
value of Sedney and Fiebig, although only applicable to the laminar case, is
revertheless considerably less than the extrapolated completely laminarI experimental value.

35. The theoretical value obtained by the Newtonian method is in poor
agreement with the extrapolated experimental value for the completely
turbulent boundary layer, but is in considerably better agrement with the
completely laminar value.

36. Clearly neither method of prediction is in good agreement with the
* experimental data. Since the accuracy of the experimental data has been

4 4 shown to be considerably better than the differences between theory and
experiment, some lack of confidence in the theoretical predictions may be
justified.

37. Experimental values for the Magnus force would be most helpful in
correleing with theory and possibly as a guide for the development of

4 theory. Future programs should determine this force.

CON CLUSION

38. 7he experimental values for the static a-A dynamic aerodynamiccoefficients (CNk , CNU , Cl~t + 4s., and q~p,) for a pure spinning cone in

I supersonic flight were determined from model firings in the ROL
Pressurized Ballistics Range.

39. Regular end chaotic boundary-layer transition was observed during the
I flight of the models from the spark shadowgraph data and was found to be

represented by a mean transition distance and its probable error.

S40. The experimental aerodynamic coefficient data (C;., % + Cl, and
, ) were found to be significantly dependent on the nature of the

boundary layer (mean transition).

41. Various methods for the theoretical prediction of CN, and Mq CF
yield values within the variations of the experimental data due to boundary-
layer transition. The theoretical predictions for the Magnus moment C

were poor.

•84
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i i2. Further experimental investigations of Magnus effects in
aeroballistic ranges and vind tunnels appear to be required. and are,
therefore, recomended. Care should be taken in future programs

(a) to avoid chaotic transition by control of thenaueoth
* lBe ia t:ureofh DSboundar.- layer (i.e., surface finish, boundary-lae trips, rang

pressures etc.),

(b) 'to use range models with f'orward e.g.'&,

(c) to extend the studies to large values of the angle of attack and
a large range of Mach number, particularly hypersonic and transonic, and

(d) to umsure the Ngnpus force.

I
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1 List of Symbols

I CD) dMa coefficient - D/qS

SC,* slpeo rl damping coeff-Icient Lp/ pd QV 2V

C c slope of pitching moment coefficient - kIcx/QSd6

Cpa slope of Magnus moment coefficient = QSfz,
~2V

+% slope of yaw damping moment a KMJ q / d d

C16 slope of norma force Coefficient -VP/&

I C.O. center of gravity

d max mum body diameter

I I transverse moment of inertia

IX  axial moment of inertia

iI K1 2  mgnitude of "nutation" and "precession" arms

L model length

A meL ii transition distance

M Mach number

M.T. mean transition % of total length

I m mass in gram

p spin rite

P.E. probable errorC. i",
a, Q dynamic yressure =

q pitching velocity

i1I

! p"
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Lis~t of Sym (Cont)

MytM crosa-lectlonsi, am rea

a stability factor

vdown rag w l*.t
C complex angle of attack

3 2  mean sqmed av

damping factors associated with the "nztaton" and "prceSSion" sOrs

1/J coefficient of vircosity

density of air

* . 1

1,2 rotation rates of the "nutation" and "precession" arms

13
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I

Math Nmem d Range Pressures
for beh Shot

Range . . . sure
Round Um~ber Mach Number (inches of

I 2389 2.o7 29.7
2390 2.31 29.7
2391 2.29 29.9
2392 2.32 29.8
2393 2.24 29.3

j 2394 2.27 30.1
I 2395 2.35 30.1

2399 2.30 19.8
2101 2.); 19.6 6
2407 1.75 19.9
2408 2.28 19.7

14.

I
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TABLE I1
Tabulation of Results

Roa 2390 2391 293 23 2395

Symbol 0 A V

CD 0.273 0.276 0.283 0.278 0.271
P.E. in CD  O.001 *0.001 *0.002 *0.001 *0.002

x z 2.31 2.29 2.24 2.27 2.35
re z i0-6 3.67 3.68 3.57 3.17 3.76

Sde j2  0.57 0.84 3.58 1.56 0.93

' 0.996o o.99n o.94o o.9921 o.990

-o.018 -o.o49 -0.030 -0.041 -0.008I .t. o.oo8 *o.oo6 *0.oo6 *.o07 *o.007

CF -1:821 -1930 -1.656 -1.350 -1.658
P.E. *0.353 &0.276 &0.280 *0.196 &0.327

..+ m -2.804 -2.38 -3.114 -3.304 .2.83
P.2. *o.516 *0.408 *0.377 *0.367 *0.418

".c.0.248 0.112 0.i92 0.278 0.268
Y0.085 *0.066 *0.028 *0.057 *0.073

P.E. in Yav 0.0011 0.0009 0.0016 O.0032 0.0009
(rsadians)
P.E. in Sverve 0.012 0.017 o.o24 O.14 0.013
(inches)

CG from Base 0.911 0.910 0.909 0.909 0.98
(calibers)

NOTE: An average C (-0.007) vas used for all rounds

15
PB
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C.ii TABLE i (Cont'd)

PowXA 2389 2392 2399 2401 2)e07

CD 0,302 0.273 0.289 0.309 0.356
P.E. in CD *0.001 *0.001 o0.001 *0.001 &0.Cm
m 2.07 2.32 2.30 2.02 1.75
Re x 10-6  3.30 3.72 2.42 2.12 1.88

2 1 - dee 2  1.09 0.80 6.34 1.24 321

T 0.9940 0.9980 0.9940 0.9940 1.010
C!,4 -0.030 -0.013 -0.043 -0.043 o.o74
P.E. *.,011 *0.012 *0.006 *0.013 *0.020II
C4 -2.430 -2.250 -2.0o48 -1.958 -2.318

P.E. #1.-424 O.994 *0.391 60.863 &0.9146

0 + *-0.413 -2.934. -1.851 -1.916 -1.263

P-'. ,1.234 .. 965 .0.390 40.954 .1.279

SM -0.322 -o.024 -0.091 -0.n9 -0.137

4P.E. t0.205 t0.153 P0.065 jtO.147 ±0.204

P.E. ir, Yew 0.0012 0.0022 0.0012 0.0014 0.0=4

P.E. in Swerve 0.014 0.013 0.012 0.011 0.010

CO from Base 0.910 0.910 0.914 0.911 0.876
(calibers)
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Eow TAM 11 (Cont'd)

R ound 2W08

SYMbo P

C0.283
P.. C iO.002

12.28
Re x 10- 6  2.40

IJ 2 Deg2  1.03
7' o. 6o

-0.025
P.E. o.016
*CH -1.931
P.E. *1.077

Ms.+ 6. -2.362
*1.3o6

o-0.013
*0.206

P.E. in Yav 0.0017
(radians)

P.E. in Swerve 0.011
(inches)

CG from Dose 0.880
(calibers)

317
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TA=L i (4)

Dwping Factora

Round No. 1 x io3 P.E. P.r.(%) 2  P 103 I.. M..

2389 -3.679 AO.825 22.4 -0.746 4o.756 101.3
2390 -3.696 .0.750 20.3 -4.928 .0.576 11.7

1 2391 -3.707 0.541 14.6 -3.806 io.118 n.o
2392 -6.289 .0774 12.3 -3.223 i0.795 25.4
2393 -4.859 .0.461 9.5 -4.220 0.-470 1.U4
2493 -4.068 *O.h80 11.8 -4.4132 .0.&6 0.5
2395 -3.854 .0.501 12.9 -4.755 0-.5 7 n.5
2399 -3.172 40.209 6.6 -1.-25 40.280 19.6
2401 -3.345 .0.622 18.6 -1.151 *0.57, 51.9
24M7 -2.672 *0.976 36.5 -1.696 &0.971 57.2
248 -3.425 *o.935 27.3 -2.B o .77 36.8

18
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II
TABLE IV

Mean Twtsitton

U .~,nPiessure Mean TrnsItilon P.R. in Mean I
j t~m.(inches of ($ of Transition

r flg)length) (%or Length)

2390 29.7 33.5 ":.6
2391 29.9 43.8 1,.2
2393 29.8 36.7 8.72394 30.1 30.0 5.9 I2395 , 30.1 55.7 18.0

2389 29.7 86.7 2,2..o
239 29.8 84.3 21.5
2399 19.8 90.6 7.5
21401 19.6 68.3 3.1.1
214M 19.9 1oo.o 0.0 I
2W8 19.7 85.5 10.9

19
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Weighted Awrse Coefficients

41. Weitted Average Coefficients for the laminar and Turbulent Orouqp

Mean TransitionS

Coefficient 86% ).o
C1 -2.09 -1.61

IP.E. tO.13 .4
P.E. () 6.4 8.7

-0.031 -0.031
P.E. *0.030 &.010
P.E. () 96.8 32.2

4Cq + % -1.87 -2.92
I P.E. %0.54 tO.22

P.E. (5) 28.9 7.5
-0).098 o.a PI P.E. to.o68 t.o

4.E. (%) 69.4 20.6
I2. Weighted Linear Equations for Coeffmeen-t as Functions of Mean

Transition Distance (T)

I Ck - -1.05 -0.475
1(T

P.E. of Fit -to.1
44 -0-.031 - 0.002 T

P.E. of Fit !.02
C + Cm.- - -3-80 + 0.76 ,('T

P.E. of Fit - tO.I6
4C" " 0.379 - 0.177eT

P.E. of Fit a t0.080

420

' *

, 4

• • • •

4 . . ... . . .

0 0 * . ....
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TABLE VI

I Comparison of Average Coefficient Data
Computed by Various Techniques

(based on all n1 rounds)

verage Weilihted Averse Com!r %= 1 ljfted

for 1azir ~ Turbuleurblet
UZrpepd Group Grouzp Oroun Gro' z)

Data (M.T. %6%) (M.T. 4a%) (M-T861) (M. r. -%)

ICk -1.94 -2.09 .1.61 -2.21 -1.59
P.E. *0.20 &0.13 *o.11. *0.14

CU-0.02 -0.03 -0.03 -0.0J. -0.03
P.E. *0.03 *0.03 &0.01 *0.03

CM. + .2.29 -.72 2 -1.9 - -

* I 21



®I

II

HAVORD Report 6183 0

o t TABLE VII(4

-Cc s of Average Coefficient DataComputed by Various Techniques

(based on 8 rounds Vhere Naeh number variation was less than 10.1)

Average Co=uted froa Weighte
for Weighted Averages Linear Equations

Ungrouped laminar Turbulent niijnnr Tulent
Data Group ' Group Group Group(M.T . 86) (M.T. 40) (M. 861) (M.T. 4-0) )

cr, -1.83 -2.6 -1.61 -2.21 -1.59P'.R. ,*0z7 *0.13 *0. . &0.17

0K,.-~3 -o.o4 -0-03 -o.o4 -0.03
P.R. &0o. ,o.02 &0.o1 *0.o

€ % + -2.70 -2.03 -2.92 -1.96 -2.94

P.R. *0.299 *0.57 *0.22 AO.33

O.12 -0.08 0.20 -0.05 40.18
O.09 *0.05 *o.o4 *0.05

2

I

4.B

l - • •• • •9 e
4~m sm• n tm nn nemmu nuw smmu un m • m
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46 TAKE VII

r)Ciinlnornowe mdau, tomtcal

I. Cuepute Cutw ed aam e n varicam 1Sies
rim Stript

I Isaured Kopsa* with Nwak NtdnSd

C6.2-38L -1.86 - 2.00 -. k1 -

I, -1005T

4-0-037L .0.011 - 40.072 .0013 -
-031T

-j 1.62L.- -1.73 2.51 .1.85 -

-70T

4*C -0-13L -- -- - 0.38 -0.005
40.38T

a maliated at Ikob 5.0

L ca=Pletel laminar L.T. 100%

T cOmp*leY turbulant X.T. 0%

I23

Id
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'" I)
-I.t -0.0 -

- V 0.06

* I O 0.

S-I.. 0 0.02,13 <

U 0
-3, '

-22 -0.02 -9

- .4 -0.04 I v

-26 -0.061 1 1 1 1 2 1 a q
1 6 1.8 2.0 2.2 2.4 2.6 1.0 .O 2.2 2.4 2.6

MACH NUMBER MACH NUMBER

3.0 0.3 -

4.0 0.2 - !1

I ~ o -0 --

0 0- 0 -
.001 "

v 0
3E -.0 -o., -

-2.0 - -0.2

-3.0 -03

-4.0 -0.4 I I I I I
1.6 1 2.0 2.2 2.4 2.6 1.6 1.8 2.0 2.2 2.4 26

MACH NUMBER MACH NUMBER

SYMBOL RWD

0 2390 Z 2369
A 2391 [7 2592o 2393 N 2399

2394 1 2401
0 2395 3 2407

2408

- FIG.5 AERODYNAMIC COEFFICIENTS VS MACH NUMBER

iI
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4V 8 V

FIG.6A PRINTS OF VERTICAL PLATES FOR ROUND NO.2395
(STATION 1-10)
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44

14 V, 9V

A .7

15V 20V

FIG.68 PRINTS OF VERTICAL PLATES FOR ROUND NO.2395
(STATION 11-20)
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a '0

REGULAR TRANSITION

0 0*
4v

Xx (XV I Xv) +(X-XX
2

CHAOTIC TRANSITION

FIG.? REGULAR AND CHAOTIC TRANSITION
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